Which atmospheric and surface parameters exert the greatest influence on surface radiative fluxes? In an attempt to answer this question, tests were performed to investigate the sensitivity of the shortwave and longwave downwelling surface radiative flux to prescribed changes in a number of variables. A two-stream radiative transfer model [see Key, 1994 , and references therein] was used to compute fluxes under a variety of atmospheric and surface conditions. A reference atmosphere was prescribed for both clear and cloudy conditions, and variables were varied over a range of values most likely to occur in the Arctic. Standard sub-Arctic temperature and humidity profiles were used for the summer, the solar zenith angle was 65 ø, the total precipitable water amount was 1.5 cm, the total aerosol optical depth was 0.1, the atmospheric ozone amount was 375 Dobson units, and the surface albedo was 0.5. For cloudy conditions, low-level stratus water clouds were prescribed with the cloud base height set to 400 m, the cloud thickness was 400 m, the cloud droplet effective radius was 7 gm, and the cloud liquid water content was 0.2 g m '3 based on observations of Arctic stratus in the summer by Tsay and Jayaweera [1984] . Under these Table 1 the reference value (above) was changed to each of the two extreme values in the "Rar. ge of Change" column and the fluxes were recalculated. The differences between the fluxes for the two extreme values and the ratios of these differences to the reference case fluxes are given in the last two columns. It was found that both SW$ and LW$ are sensitive to the concentration of aerosols in the troposphere but with opposite effects, which is also true of precipitable water and ozone amounts and, to some extent, cloud thickness. The negative shortwave and positive longwave responses to changes in these variables results from opposing atmospheric or cloud "albedo" and "greenhouse" effects, respectively. The albedo effect is greatly enhanced when the visible optical depth of clouds increases either as a result of diminishing mean drop size or increases in geometric thickness or water content. Because Arctic stratus tends to be "black" (near unit emissivity) at long wavelengths [cf. Stephens and Webster, 1981] , the greenhouse effect is much less sensitive to changes in cloud thickness, drop size spectra, or cloud water content but is more sensitive to cloud base height because this affects the effective emission temperature of the cloud through the Stefan-Boltzmann law. The greenhouse effect is more pronounced, however, when skies are clear if precipitable water or aerosol content increases because the effective emissivity of the intervening atmosphere is 
In this equation a quadratic dependence of the flux on cloud cover accounts for the relationship between cloud amount and cloud form. The idea behind this equation is that with an increase in cloudiness, the frequency of low clouds, which reduce solar radiation the most, is usually increased. Thus as cloudiness increases, the reduction of radiation occurs slowly at first and then more rapidly. Budyko [1974] sw, l, an = SW$c•r (1-0.6 c3). 
where T is the near-surface air temperature and is the Stefan-Boltzmann constant. Idso and Jackson [1969] report that the empirical coefficients are somewhat variable by region and others, e.g. Budyko [1974] , have arrived at different values for the eoeffi- 
He considered the differences between the two insignificant, although the second to have a more physical basis. Maykut and Church [ 1973] report some reasonable success with this scheme at the lower latitudes but not at high latitudes, and Jacobs [1978] claims that the formula underestimates fluxes at B affin Island, Canada. Zillman [1972] , however, using Southern Ocean data, computes a coefficient for one of the S winbank equations which matches quite closely that used by Swinbank LW$o•r = • T • (9.2x10 '6 T2),
and which has been used by Pease [1975] Each of these data sets was analyzed separately in order to examine the effects of the differences in surface types/location and time averaging. Results for the two data sets were nearly identical, with the accuracy ranking of the various parameterizations being the same and the means and root-mean-square errors (RMSE) within 10% for the longwave and 20% percent for the shortwave. This restfit is significant, given that high temporal resolution data are often not available or desired in modeling studies. In the figures Table 5 . The most accurately parameterized fluxes are those using Jacobs [1978] . The errors may be due, in part, to errors in the clear sky flux parameter (that of Efimova 
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Preferred All-Sky Parameterizations
The results from the investigation using the in situ data show the most accurate parameterizations to be those of Shine [1984] for sw, l, elr and sw, l, eld and those of Efimova [1961] Figure 1 Parameterized Fluxes using Shine [ 1984] 
Summary and Conclusions
Downwelling longwave and shortwave radiative fluxes for use in sea ice models are commonly generated in one of three ways. The objectives of this study were to use ground-based measurements to identify the most accurate parameterizations of downwelling shortwave and longwave radiative fluxes at the Arctic surface under both clear and cloudy skies and to develop shortwave and longwave all-sky parameterizations. Comparison of the parameterized fluxes computed using input data measured at Barrow and Resolute with measured fluxes shows that the shortwave fluxes for clear and cloudy skies are most accurately estimated using the parameterizations of Shine [1984] , the longwave flux for clear skies is most accurately estimated using the parameterization of Efimova [1961] , and the longwave flux for cloudy skies is most accurately estimated using the parameterizafion of Jacobs [1978] .
Fluxes computed using these parameterizafions and the ISCCP monthly cloud product as input were compared to climatologies. 
